evidence in support of the genetic elements of diseases, leaves clinicians at the other end of the translation highway with the difficulty of drawing meaningful, reproducible and categorical conclusions, and hence they are unable to use the data clinically. For research and technical advances, one always hopes that there will be actual application of the findings. Not surprisingly, therefore, the translation from 'bench to bedside' of genome-related basic research also faces tremendous challenges. Before really summarizing the challenges, one may have to stop and think if this research has the potential to be converted into clinical practice at all.
For multifactorial disorders like type 2 diabetes, obesity, polycystic ovary syndrome, autoimmune thyroid disease, hypertension or mood disorders, the record of genetic linkages and subsequent translation for disease prevention by adopting these into clinical practice has been far less productive through conventional routes of causal gene discovery. This was primarily because the magnitude of the effects of a single gene variation on susceptibility to these multifactorial diseases is too subtle to make any inferences and link a gene to a disease, which would have allowed detection by traditional single genesingle disease linkage approaches. This is where the Human Genome Project and related high-profile genomic Ever since the discovery of the double helix model for DNA structure, there has been tremendous euphoria about the impact of DNA on human health. About 10 years ago, when the draft of the human genome sequence was announced, expectations about genomic medicine were further raised [1] , despite the realization that the real impact on medicine and health care would happen as a function of decades and not in real time.
The Human Genome Project inspired several related collaborative efforts that supplemented cumulative knowledge on the genome-wide association of novel gene variants, gene modifications or alternate chromosomal loci with common diseases and disorder phenotypes. Careful examination of the available microarray data and identification and comparison of single nucleotide polymorphisms (SNPs) between patients and healthy populations have led to associations of many gene variants that so far were not suspected to be related to the phenotypes [2] . Basic understanding of human genes and proteins involved in the disease pathway and screening of mutations in critical enzyme(s) (mostly SNPs), and their association with disease predisposition [3] , represent a significant advancement of genome research. The logarithmic growth of new 'omics' technologies, while quenching the thirst for knowledge of basic scientists who need unprejudiced efforts like genome-wide association analyses have had remarkable influence. The success of genetic screening and gene therapy in the control of disorders can be well exemplified by the tremendous reduction in the cases of ␤ -thalassemia across e.g. Turkey, Greece, Cyprus, parts of the UK or Italy by well-executed strategies involving appropriate premarital counseling, carrier screening, prenatal diagnosis, selective termination of affected fetuses and, above all, long-reach public education [4, 5] . In the last few years, the number of genes associated with type 2 diabetes increased from 3 to 20 [6] . Variation in a protein belonging to the family of zinc transporters (ZnT-8), called SLC30A8 (solute carrier family 30, member 8), that are expressed exclusively in pancreatic ␤ -cells has been associated, thanks to genome-wide association analyses, with type 2 diabetes [7] . ZnT-8 agonists have raised fresh therapeutic perspectives against type 2 diabetes.
In a few cases, advances in genomic research have also been translated into new therapies, specifically as a function of the genetic makeup of the patient, stage of disease and dose. Cancers, which are by and large less complex than other common disorders such as diabetes and hypertension, are some rare examples of the success of genomic medicine. The development of genomic-based therapeutics for cancer is often accompanied by a diagnostic test for the same. Three well-known examples of the commercial success of genomic medicine, resulting in the codevelopment of diagnostics and therapeutics approved by the US Food and Drug Administration, are Herceptin (trastuzumab) and the companion diagnostic immunohistochemistry test/PCR test for HER2 to treat breast cancer, Erbitux (cetuximab) and the companion epidermal growth factor receptor immunohistochemistry diagnostic test for treatment of colorectal cancer, and Gleevec (imatinib) along with the c-kit immunohistochemistry diagnostic for stomach cancer. However, the problem in many other cases has been the inability to accurately identify patients who will not respond to the drug, resulting in wrong clinical decisions.
The promise of personalized medicine by strategic advances as a consequence of the Human Genome Project is quietly reflected by certain pharmacogenetic and pharmacogenomic proceedings. Two such examples are the US Food and Drug Administration's permission for inclusion of genetic testing for rare skin reactions to carbamazepine primarily used for epilepsy and bipolar disorders [8] and the recent trial of HLA-B * 5701 screening of HIV patients for hypersensitivity to Abacavir, an anti-HIV drug [9] .
Encouraged by these desultory successes, genetic testing kits by several pharma companies have mushroomed over the past year. This is in parallel with an equal number of internet posts/blogs saying 'Genetic testing kitssave your money -most don't work!' The clinical translations of genomic research are fundamentally challenged, apart from establishing analytical and clinical validity, by the clinical utility of such tests. The analytical validity of genomic variations with disease phenotype is largely established in the controlled environment of research laboratories, with the pharmaceutical industry attempting desperately to convert the proof of concepts into commercial kits, often ignoring that sample-handling errors are greater risks for these validations than errors in genotypic misclassification. A rigorous, transparent, nonmanipulative monitoring system is one of the main challenges that clinical translation of genomic research would have to face for proficiency of these platforms. Clinical validations would require bringing out these analytical corroborations from the controlled laboratory environment to actual clinical conditions to investigate sensitivity and specificity. The challenge here would be the accessibility of data across the world so that researchers can identify the geographic distribution or environmental linkages, if any, for these disorders.
Another challenge would be clinical validation of those genetic variations, which do not register high n-fold differences with healthy individuals. The genetic correlation of SNPs with disease predisposition has limited clinical utility simply because such SNPs do not reveal strongly influential haplotypes, and other haplotypes linked to predisposition to a disease together represent a very small fraction of heritable risk. Only discussions, data comparison and sharing amongst clinicians and researchers across the world can resolve these issues. Moreover, one must first establish the clinical efficacy of such tests and ask if these investigations would supplement the present disease management in any way. At the moment, this arena of clinical translation of genomic research is challenged by the relative deficit of well-performed clinical studies to indicate if normal and 'at-risk' populations would behave similarly to clinical interventions or protective lifestyle instructions in relation to the genetically linked multifactorial disorders. For instance, would it be correct to reassure a person who does not have any genetic trait of diabetes that he would never develop one?
The lack of awareness among patients and clinicians about these key determinants of success or failure of risk prediction has been further exacerbated by the fact that there is no single repository of publicly available informa-tion about the more than 2,000 genetic tests available in clinical laboratories or the large number of SNPs and the associated correlates of disease predisposition. The US Food and Drug Administration and the National Institutes of Health have stepped in, with support from the Department of Health and Human Services and other stakeholders, to set up a voluntary Genetic Testing Registry (http://www.ncbi.nlm.nih.gov/gtr) to provide usable access to such key information. Deaths due to infectious disease, which exceed mortality figures caused by all the wars in recorded history to date provide scanty information, if any, about genetic predisposition to an infectious pathogen. Therefore, it is yet to become a part of this registry. It is also important to note that once such a registry is fully established [10] , the population that would benefit the most will come from the developed world where, paradoxically, the disease burden is far less than in developing and underdeveloped countries.
Genetic discriminations, socially and commercially, can be another big hurdle in the widespread application of genetic information [11] which can only be addressed by increasing genetic literacy among the general population.
Applying scientific discoveries to clinical practice has always occurred at a snail's pace, with an average of 17-20 years from laboratory to bedside application, and that too with only an average of 14% for scientific discoveries. It has been further pointed out that for the last 15 years, of the meager 5% of highly promising basic science discoveries approved for clinical use, only 1% could actually be practiced [12, 13] . We now find this to be true [14] for genomics and genetic medicine, evident from the fact that except for small gains, as described above, in the form of gene-specific treatment for a few cancers, genetic risk assessment for drugs or disease and protective lifestyle interventions for some mendelian disorders, the societal impact of genomic medicine has been just like a drop in the ocean [15, 16] .
While genomics and genetic medicine is becoming established, there is a need to accelerate the translational component by basic scientists, clinicians, drug companies, patients and the public at large working together; only then can real progress in personalized medicine be achieved. With newer and advanced technologies increasingly becoming available, the snail's pace of translating scientific discoveries into clinical practice should definitely improve. Time will tell whether 'genomics will widen or help heal the schism between research in medicine and public health' [17] .
